Abstract: With increased automation in the manufacturing industry, the demand for a quick and accurate mass measurement system is growing. Currently, the active belt conveyer is demanded by many enterprises. However, three mechanical noises, a peculiar frequency, a frequency of motor, a frequency of Belt pulley, are included in the observation signal from the active belt conveyer. Therefore, we have to remove those noises for the accuracy. In the current mass measurement system, the moving method is applied to remove those noises. However, it is inadequate only in the moving average method for more quick and accurate measurement. Therefore, we propose a frequency analysis method using the complex LMS algorithm. In this method, oscillation elements included in observation signals is converged every analysis frequency. Since time to converge depends on the constant value called the Step Size Parameter, even in case of few obtained signals noises are removed and the accuracy seems to improve. In this study, the utility of the method is experimentally verified.
INTRODUCTION
In order to measure mass with accuracy, the measurement needs long time and has to be done under noise-free conditions of completely free from any noises. However, it is difficult to make such ideal surroundings in most cases of industrial mass measurements, such as the automatic system for weighing and sorting objects [1, 2] . The system is generally called the Checkweigher, which is developed for examining and sorting the weight of all products on the production line. Checkweigher has to carry products sent from the previous conveyer to the next conveyer and also to exclude some defective products, lightweight or overweight, from the production line. Both tasks must be done at the same time. In other words, it is necessary to analyze not only the measurement method but also the conveyance method in order to develop the Checkweighers. The required conditions that the conveyance method must achieve are three of the following.
A stable and reliable weighing result A high conveying speed A simple and flexible operation mechanism Currently, as the conveyance method which meets the above three requirements, the active belt conveyer is widely adopted in industry. However, since the mass detector of the active belt conveyer is composed of the built-in drive, it is impossible to avoid mechanical noises caused by motion of the conveyer. These noises must be removed in order to make the measurement accurate enough to meet the needs of users. In the current system, these noises are removed by the simple moving average method. This method can remove the noises completely if interval cycle of the noises synchronizes with the moving average time. However, increasing number of users now demands a machine which can quickly measure more variety of shapes of objects. In order to meet these demands, the machine needs to measure the bigger objects with higher conveying speed. However, this means a reduction in the time that objects are on the measurement conveyer. Consequently, the machine is unable to obtain enough measurement time to match the cycle of the noises with the moving average time. As a result, all noises are not removed. It means that even if the specification of the system makes remarkable progress, the accuracy of measuring the object is not improved because of the nature of the simple moving average method.
Therefore, in this paper, we would like to propose an adaptive notch filter after we generalize our resent research of the frequency analysis method of serial processing type by using Least Mean-Squares LMS algorism [5] [6] [7] . Moreover, we also propose the system that combines an adaptive notch filter with the simple moving average method. Finally, we use device actually marketed in order to verify the utility of the system by comparative experiment between current system and proposed system. Samples used in comparative experiment are either in standard specification or outside standard specification.
PROBLEM SETTING

Outline of measurement system
The Checkweigher stated in this paper is the mass measurement system of CSH22L type made in Yamato Scale Co., Ltd, which is shown in Fig. 1 . Also, its hard- Fig. 2 , and its specification is shown in Table 1 . As Fig. 2 shows, the equipment is composed of three conveyers; two conveyers for carrying and the other conveyer for measurement, which is called the measurement conveyer. In the measurement conveyer, Load Cell is used as mass measurement sensor. The objects are carried from the other two conveyers to the measurement conveyer, and then Load Cell is distorted under the weight of the object. Its strain value is outputted as voltage value. The mass of object is calculated from its voltage value.
Noisy elements caused in the equipment
As shown in chapter 1, the problem is that the active belt conveyer is caused by mechanical noises. The main noises are three kinds, which are the natural oscillation of measurement conveyer, oscillations by rotation of motor, and belt pulley. First, the natural oscillation cause by a shape phase determines how frequent the noise occurs. In this paper, we use the equipment which noise frequency is 28.75 Hz. Others two noises, oscillations by rotation of motor and belt pulley, are calculated from conveyer speed. If the conveyer speed is set at c , the rotation of belt pulley is shown to the following.
Where, p is the diameter of belt pulley. Also, the rotation of motor m is calculated by the proportion of the 
Therefore, the elements of frequencies are determined by using these equations when users set conveyer speed.
In this paper, we use two kinds of samples, either over or under the standard specification size. It is shown in Table 2 . The condition of experiment is shown in Table 3 . Noisy elements calculated by equation (1) and equation (1) are shown in Table 4 . Table 4 shows that the noisy elements are lower frequencies.
MEASUREMENT TIME
The time when objects are carried on the measurement conveyer is called Measurement time. The mass of object have to be measured while its time. Measurement time is shown to the following.
Where, 0 is the length of measurement conveyer, and is the length of sample. From this equation, measurement time is concerned with the conveyer speed and the length of sample. Therefore, increasing the conveyer speed or the length of sample causes the reduction of measurement time. However, since the noisy elements are low frequencies, in the current method, the simple moving average method, all noises are not removed as showed in the preceding chapter.
ADAPTIVE NOTCH FILTER
Frequency analysis type adaptive algorithm
In this paper, we propose a new adaptive notch filter, using the extended an adaptive discrete Fourier transform [7] . First, the frequency analysis system is shown in Fig.  3 . In this figure, ( ) and ( ) show Fourier coefficient and input signal respectively in the time . Here, is sampling period, and is abbreviated as from next. If the analysis frequency is set , the input signal is the complex exponential function, as follow: The error signal ( ) required for adaptation is defined as the difference between the desired response ( ) and the output ( ), as follows:
Where,¯ ( ) and¯ ( ) are conjugate complex number of ( ) and ( ) respectively. In this paper, we use the LMS algorithm [8] proposed by B.Widrow. The LMS algorithm minimizes the mean-square error ( ) by recursively altering the Fourier coefficient ( ) at each sampling instant according to the expression
Where, is a convergence factor controlling stability and adaptation.
Properties of adaptive notch filter
Our research purpose is to derive an adaptive algorithm to remove noise. Then, we think as a system in Fig.  4 . In this figure, we think about the desired response ( ) and the error signal ( ) as input signal and output signal respectively. The transfer function of Fig. 4 is shown to the following.
When we use that input signal ( ) is a complex exponential function, equation (6) is shown to the following. Where, we can define ( ) ( ) as ( ). Equation (8) is shown to the following.
In this equation, we think ( ) is input signal and ( ) is output signal. Then, the block diagram of this euqtion is shown to Fig. 5 . And the transfer function of this equation is shown to the following.
To similar, the transfer function of J ( ) is shown to the following.
Substituting equation (11) and equation (10) into equation (7), we can obtain the following the transfer function .
The frequency characteristics of an adaptive notch filter for removing the natural oscillation is shown in Fig. 6 . In this graph, is 0.09, and is 2msec. From this property, the Gain near the analysis frequency is greatly reduced. Hence, in the system proposed, only the specific frequency elements are removed.
DYNAMIC MASS MEASUREMENT EXPERIMENT
Outline experiment
In this paper, we propose the system composed of an adaptive notch filter and the simple moving average Moreover we verify the utility of the system by comparative experiment between current system and proposed system. In the experiment, samples are either in standard specification or outside standard specification. As showed in chapter 2, the conditions of samples and conveyer speed are shown in Table 2 and Table 3 .
Experiment with the current system
First of all, we examined the current system, which is using simple average method. In Checkweigher used with this paper, a size of filter automatically obtained from sample size and conveyer speed. Then, the simple moving average is applied to signals obtained from the road cell. In this experiment, these processing results are taken into a computer. They are called count value . An example of count value is shown in Fig. 7 . The mass of objects is calculated from the following equation.
Where, I is standard count value.
S is standard weight. S is count value at standard weight.
Next, the proposed system is examined by using the signal obtained at the previous experiment. In this experiment, in order to remove three kinds of noises explained in chapter 2, three kinds of an adaptive notch filter for each noise are connected in series. The noisy frequencies shown in Table 4 are used as analysis frequencies. Also, we estimate step size parameter from the best value which gives the highest accuracy. This result is shown in Table 5 . In this table, 1 is the natural oscillation of measurement conveyer, 2 is oscillations by rotation of motor, and 3 is oscillations by rotation of belt pulley. In addition, the number of data used adaptive algorithm is 30 points, and The mass of objects is calculated from (13). Table 5 Step-Size-Parameter used by experiment
Step-Size-Parameter Experiment Motor Pulley Natural Number 
Comparison of mass measurement experiments
The accuracy is compared between the current system and proposed system by repeating the experiment 60 times under the same condition. The mass of objects is calculated from (13), and the accuracy is evaluated by three times of standard deviation. The result of experiment is shown in Table 6 , and an example of results is shown in Fig.8 . From Table 6 , when enough accuracy is obtained by using only the simple moving average method, the accuracy of proposed system is not improved very well.
However, when inadequate accuracy is obtained by using only the simple moving average method, the accuracy of proposed system is greatly improved. The progress rate is about 70 % at the maximum. The minimum measurement time obtain from these experiments is 0.06sec. This time corresponds to 30 points as a number of data. From this reason, we set to process only 30 points by an adaptive notch filter. In a word, the proposed system has the great possibility to improve the current specification even in case of less measurement time.
CONCLUSION
At present, Checkweigher is widely used in the field of industrial measurement. However, when we use Checkweigher, it is impossible to avoid mechanical noises because of its structure. To remove these noises, the simple moving average method can be applied. However, in order to remove noises, the simple moving average method needs to gather many numbers of dates, and also it can only be applied in the noisy elements with low frequency. Accordingly, even if the performance of the equipment is improved, the progress in accuracy is not able to be expected. Therefore, in this paper, we focus the frequency analysis method by using LMS algorism, and consider the system in which an input is ( ) and an output is ( ). First, we showed that an adaptive notch filter is composed by inspecting its transfer function and frequency characteristics. Next, we proposed the system, using an adaptive notch filter and the simple moving average method, and we tested to verify the utility of the system by comparative experiment between current system and proposed system with using device actually marketed. In the experiment, two kinds of samples under and over the standard specification size were used, and five kinds of conditions were set. As a result, we found that the proposed system can decrease the measurement error to one third of the existing system makes. In other words, the proposed system has the great possibility to improve the current specification. Therefore, the system and method to select step size parameter proposed in this paper is effective for Checkweigher to measure an object more accurate and is expected to make progress in its performance.
